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(54) Abstract Title 

Multi-domain liquid crystal display device 



(57) A multi-domain liquid crystal includes: first and second substrates 31 and 33 opposing each other; a 
liquid crystal layer formed between the first substrate and the second substrate; a plurality of gate lines 1 and 
data lines formed on the first substrate 31 lengthwise and crosswise to define pixel regions; a pixel electrode 
13 formed in the pixel regions; at least one or more electric field induction windows 51 independently formed 
in the pixel electrode 13; a common auxiliary electrode 15 formed on the same layer as the gate lines 1 to 
surround the pixel regions; a common electrode 17 formed on the second substrate 33; at least one or more 
dielectric structures 53 independently formed on the common electrode 17 to distort an electric field applied to 
the liquid crystal layer; and an alignment film formed on at least one of the first and second substrates 31 and 
33. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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MULTI-DOMAIN LIQUID CRYSTAL DISPLAY DEVICE 

The present invention relates to a liquid crystal display device ; and more 
particularly, to a multi-domain liquid crystal display device is which a common auxiliary 
electrode is formed around and in a pixel region on the same layer as a gate line, and an 
electric field induction window and a dielectric structure are formed in the pixel region. 

Among flat-panel displays enjoying image quality equivalent of the one 
offered by cathode ray tubes (CRT), liquid crystal displays (LCD) have been most widely 
adopted, in paricuiar, a thin-nlm transistor (TFT) type LCD (TIT-LCD) has been used Li 

personal computers, word processors, oSce automation equipment, and home elec^ical 

appliances including, among other items, a portable television sets. The market for suck'',. 

LCDs is expected to former expand in the future. Accordingly, there is a demand for further 

improvement in image quality. 

A description wffl be made by taking the TFT LCD for instance. However, the 
present invention is not limited to the TFT LCD but can apply to a simple matrix LCD, a 
plasma adding type LCD and so fori Gently, the present invention is applicable to 
LCDs which include liquid crystal sandwiched between a pair of substrates on which 
:]e«rodes are respectively formed and displays in^ges by applying voltage berween the 
eieqrodes. 

Currently, a mode most widely adopted for the 777 LCD is a normally. white 
-ode thatis implemented in a twisted nematic (*|) LCD. ^e technology of n^ufacruring 
the TN 77T LCD has advanced considerably In recent yeas. Contrast and color 



reproducibility provided by the TN ITT LCD have surpassed those offered b> the C?~. 
However, the TN LCD has a critical drawback of a narrow viewing angie ranee, which iimirs 
* the applicanoa of the TN LCD. 

Figs. 1 A to I C are diagrams for explaining the narrow viewing angle problem. 
5 Fig. 1 A shows a state of white display to which no voltage is applied and liquid crystal 

molecules are aligned in the same direction with a slight inclination • (about 1 ° to 5°). For 
convenience sake, the liquid crystal molecules are illustrated as in Fig. 1 A. In this state, light 
is seen nearly white in any azimuth. Moreover, as shown in Fig. 1C when voltage is applied, 
intermediate liquid crystal molecules, except those located near the alignment films, are 
1 0 aligned in a vertical direction. Incident linearly-polarized light is therefore see* blade, but not 
twisted. At this time, the direction of light obliquely incident to a screen (pane!) is twisted to 
some extent because i: passes obliquely through the liquid crystal molecules that are aligned 
in the vertical direction. The light is therefore seen halftone (gray), but not perfect black. 

As shown in Fig. 13, when an inlermediate voltage, which is lower than the 
5 voltage applied in the state shown in Fig. 1C, is applied, the liquid crystal molecules near the 
alignment films are aligned in a horizontal direction, but the liquid crystal molecules in the 
middle parts of cells erect themselves halfway. The birefringent property of the liquid crystal 
is lost to some extent. This causes transmittanca to deteriorate and brings about 
halftone (gray) display. However, this effect occurs only to light incident perpendicularly on 
0 the liquid-crystal panel. Obliquely incident light is seen diSerently, that is, 'light is seen 
differently depending on whether it is seen from the left or right side of the drawing. (panel). 
As illustrated, the liquid crystal molecules are aiigned mutually parallel relative to light 
propagating from right below to left above. The liquid crystal hardly exerts a birefringent 
sf&«. Therefore, when the panel is seen from left, it is seen black. By contrast, the liquid 
crystal molecules are aligned vertically relative to light propagating from below on right 



to above on the left The bquid crystal exerts a gr=a: birrfringent effect relative to ibidem 
light, and the incident light is twisted. This results in nearly white display. Thus, the most 
critical drawback of the TN LCD is- that the display state varies depending on the viewing 
angle. 

3 I: is Jenown that viewing angle performance of a liquid crystal display 

device (LCD) in the TN mode can be improved by setting the orientation directions of the 
liquid crystal molecules inside pixels to a plurality of mutually different directions. Generally, 
the orientation direction of the liquid crystal molecules (pre-tilt angles) that keep contact with 
a substrate surface in the TN mode are restricted by the direction of a rubbing treatment 
10 applied to the alignment film. The rubbing treatment is a process which rubs the surface of 
the alignment film in one direction by a cloth such as rayon, and the Liquid crystal molecules 
contacting the alignment film are orientated in the rubbing direction. Therefore, viewing 
angle performance can be improved by making the rubbing direction different inside the • 
pixels. 

15 Fig3 ' to 2C show a method of making the rubbing direction different inside 

the pixels. As shown in this drawmg, an alignment film 101 is formed on a glass substrate 
100 (whose electrodes, etc., are omitted man the drawing). This alignment film 101 is then 
bought into contact with a rotating rubbing roll 102 to execute the rubbing treatment in one 
■ direction. Next, a photoresist is applied to the alignment film 101 and a predeteirnined 
0 pattern is exposed and developed by photolithography. As a result, a patterned layer 1 03 of 
the photo-resist is formed as shown in Figs. 23 and 2C. Next, the aHgnment Sim 101 is 
brought into contact with a rubbing roll 201 that is rotating in a direction opposite the 
direction of the previous rotating rubbing roil 102, so that only the open portions of me ' 
partem are rubbed. In this way, a plurality of regions thai are subjected :o the rubbing 
reatment in different directions are formed inside the pixel, and the plural oriental 



:ion 



directions of the liquid crystal ar= formed ir_sice the pixel. Incidenialiy, the rubbing rreatrr.ent 
can be done in arbitrarily different directions when the alignment t~im 101 is rotated relative 
to the rubbing roll 1 02. 

As described above, there are some problems related to a division of 
orientation directions of the liquid crystal molecules for improving the viewing aneie 
performance in the vertical alignment (VA) LCD. 

It is desirable to improve a viewing angle characteristic of a Va liquid crystal 
display, and to realize a VA liquid crystal display exhibiting a viewing angle characteristic 
thai is as good as or better than that exhibited by an in-plane switching (IPS) mode LCD, 
while permitting the same contrast and operation speed as the conventional liquid crystal 
displays. 

According the an embodiment of the present invention, a Va mode LCD uses 
a conventional vertical alignment film, and adopting a negative liquid crystal, and a domain 
regulating means for regulating the orientation of a liquid crystal. Liquid crystal molecules are 
aligned obliquely when a voltage is applied, so that the orientation will include a plurality of 
directions within each pixel. The domain regulating means is provided on at least one of the 
substrates. Further, at least one of domain regulating means has inclined surfaces (slopes). 
The inclined surfaces include surfaces which are almost vertical to the substrates. Rubbing 
need not be performed on the vertical allgrm^r film. 

In the VA LCD device, when no voltage is applied, in almost all regions of the 
liquid crystal other than the protrusions, liquid crystal molecules are aligned nearly vertically 
to the surfaces of the substrates. The liquid crystal molecules near the inclined surfaces also 
oriemnte vertically to the inclined surfaces. When a voltage is applied, the liquid crystal 
molecules tilt according to electric field strength. Since the electric fields are vertical to the 
substrates, when a direction of tilt is not defined by carrying out rubbing, the azimuth in 



which :he liquid crystal molecules til: includes all directions of 360°. If there are pre-tilt 
liquid crystal molecules, surrounding liquid crystal molecules are tilted ir. the direction of ihi 
pre-tihed liquid crystal molecules. Even when rubbing is not carried out, the directions in 
which the liquid crystal molecules iying in gaps between the protrusions can be restrict ed to 
5 the azimuths of the liquid crystal molecules in contact with the surfaces of the protrusions. 
When voltage is increased, the negative liquid crystal molecules are tilted in directions 
vertical to the electric fields. 

Recently, a liquid crystal display device which drives a liquid crystal by an 
auxiliary electrode, which is electrically insulated from a pixel electrode, without nH^inc the 
) liquid crystal has been suggested. Such a related art liquid crystal display device will be 
described with reference to Fig. 3. 

As shown in Fig. 3, the related art liquid crystal display device includes a first 
substrate, a second substrate, a plurality of data lines and gate lines, a thin film transistor, a - 
passivation film 37, a pixel electrode 13, and an auxiliary electrode 21. The data lines and 
gate lines are formed on the Sist substrate lengthwise and crosswise to divide the first 
substrate into a plurality of pixel regions. The thin film transistor is formed in each pixel 
region on the first substrate and includes a gate electrode, a gate insulating film, a 
semiconductor layer, an ohmic contact layer, and source/drain electrodes. The passivation 
film 37 is formed on the first substrate. The pixel electrode 13 is formed on the passivation 
film 37 to be connected with the drain electrode. The auxiliary electrode 21 is formed on the 
gate insulating film to partially overlap the pixel electrode 13. 

The related art liquid crystal display device further includes a light-shielding 
layer 25, a color filter layer 23 formed on the light-shielding layer 25, a common electrode 
formed on the color filter layer 23, and a liquid crystal layer formed between the 5r* 



substra:e and Lie second subsets. The ugh: -shielding layer 25 is formed on lis sec 2nd 
substrate :o shield Ugh: leaked from as gate lines, the data lines, and ;he thin nlrr. transistor. 

The auxiliary electrode 21 formed around the pixel electrode 13 ana an coer. 
regies 27 of a common electrode 17 distort electric field applied to the liquid crystal layer so 
that liquid crystal molecules are variously driven within a unit pixel. This is intended that a 
dielectric energy by the distorted electric field places a liquid crystal director at a desired 
position when a vohage is applied to the liquid crystal display device. 

However, the liquid crystal display device requires the open region 27 in the 
common electrode 1 7 to obtain rnulti-doinain effect. To this end, the process for patterning 
the common electrode is additionally required. 

Furthermore, if the open region 27 is not formed ox has a small width, 
distortion range of the electric field required to divide the domain is wale Accordingly, there 
is a problem that, the time required for the liquid crystal director to reache a stable state, 
relatively increases. Such a domain division by the open region 27 causes unstable tenures 
for each domain, thereby deteriorating picture tmality. Also, because high electric field is 
applied between the pixel electrode 23 and the auxiliary electrode 21, luminance and response 
speed decrease. 



Accordingly, the present invention is directed to a multi-domain liquid crystal 
display device that substantially obviates one or more of the problems due to lirnitarions end 
disadvantages of the related art. 

An object of the present invention is tc provide provide a multi-domain liquid 
crystal display device in which a common auxiliary electrode b formed around and in a pixel 
region on a layer equal to a gate line, and electric £eid induction window ^ dielectric 



structures are formed in the pixel red on, so that stable texture and multi-domain =:7e~ car: b 
obtained. 

A multi-domain liquid crystal display device of the present invention is an 
improved invention of the Korean Patent Application No. 1999-07633, Sied by the same 
5 applicant, in which a common auxiliary electrode is formed around a pixel region on a layer 
equal to a gate line, and electric field induction windows and dielectric structures are formed 
in the pixel region. 

Additional features and advantages of the invention will be set forth in the 
description whieh follows, and in part wiU be apparent from the description, or may be 
10 learned by practice of the invention. The objectives and other advantages of the invention will 
be realized and attained by the structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

To achieve these and other advantages and in accordance with the purpose of 
the present invention, as embodied and broadly described, a multi-domain liquid crystal 
1 5 display device according to the present invention includes: first and second substrates 

opposing each other; a liquid crystal layer formed between the first substrate and the second 
substrate; a plurality of gate lines and data lines formed on tie first substrate lengthwise and 
crosswise to define pixel regions; a pixel electrode formed in the pixel regions; at least one or 
more electric field induction windows independently formed in the pixel electrode; a common 
20 auxiliary electrode formed on a layer equal to the gate lines to surround the pixel regions; a 
common electrode formed on the second substrate; at least one or more dielectric structures 
independently formed on the common electrode to distort electric neid applied to the liquid 
crystal layer; and an alignment film formed on at least one of the f^t and second substrain 
The muhi-dornain liquid crystal display device further includes a common auxiliary electrode 



formed in a. region where the eiectnc f;eid induction endows ars formed, ar.c '.he dieisctric 
zzr.1crj.T22 are formed to maintain a ceil gap of me liquid crystal display csvic;. 

I: is to be understood that both the foregoing genera] description and the 
following detailed description are exemplary and explanatory and are intended tc provide 
5 farther explanation of the invention as claimed 



For a better understanding of the invention, embodiments will now be 
described by way of e*amp,e, with reference to the accompanying drawmgs 

IU m which: 



Figs. 1A to 1C are diagram for explaining problem of TN TFT LCD; 
■ Figs. 2A to 2C show a method of maVrTig the rubbing direction different inside 

15 the pixels; 

Fig. 3 is a sectional view showing a related art liquid crystal display device; 
Figs. 4A and 4B are plane views showing a multi-domain liquid crystal display 
device according to the first embodiment of the present invention; 

Fig. 5 is a plane view showing z mult: -domain liquid crystal display device 
20 according to the present invention. 

Figs. 6A to 5F are sectional views showing z multi-domain liquid crystal 
display device, taken along lines I-I' of Fig. 4A; 

Figs. 7A and "3 are plane views showing a multi-domain liquid crystal, display 
device according to the second embodiment of the present invention; 



F:gs. 8A to S? are sectional views showing a mdti-damair. liquid crysra? 
display device, taken alcng iines II-IT of Fig. 7 a; 

Figs. 9A and 9B are plane views showing a multi-domain liquid =rys:ai display 
device according to the third embodiment of: present invention; 
a Figs. 1 0A to I OF are sectional views showing a rnulti-dornain liquid crystal 

display device, taken along line d-Iir of Fig. 9A; 

Figs. 1 1 A and 1 IB are plane views showing a multi-domain liquid crystal 
display device according to the fourth embodiment of the present invention; 

Figs. I2A to 12F are sectional views showing a mulu^domain liquid crystal 
1 0 display device, taken along line IV-IV' of Fig. 2 1 A; and 

Figs. ISA io 133 show textures when driving a related art liquid crystal 
display device and a multi-domain liquid crystal display device according to the present 
invention. 

' Fig. 14 is plane views showing a multi-domain liquid crystal display device 
15 using U-type thin film transistor according to another embodiment to the present invention; 

Figs. 15A to 153 are sectional views showing a muftWomain liquid crystal 
display device, taken along lines IV-IV' and V-V'of Fie. 14. 



Reference will now be made in detail to the preferred embodiment of the 
present invention, example of which is illustrated in the accompanying drawings. 

A multi-domain liquid crystal display device of the present invention will be 
described with reference to the accompanying drawings. 

As shown in Figs. 4-15, the multi-demain liquid crystal display device 
incudes a f m subscate 31, a second substrate 33. a piurdiry of data :ines 3 and gate ii.es 1, 



t 



a common auxiliary eisctrcde ii, a thin film :ransis:or, 2 passivation :"iirr. 37, anc 2 pixel 
electrode J 5. 

The 3 aa^ gatt lines 1 are formed on the first substra- 3 ; lengthwise 

anc crosswise to divide the first substrate into a plurality of pixel regions. The common 
5 auxiliary electrode 1 5 is formed on the same layer as the gate lines 1 to distort electric field. 
The thin Sim transistor is formed in each pixel region on the first substrate and includes a 
gate electrode 11 , a gate insulating 51m 35, a semiconductor layer £, an ohmic contact layer 6, 
and source/drain electrodes 7 and 9. Tie passivation 51a 37 is formed on an entire surface of 
the first substrate 31. The pixel electrode 13 is formed on the passivation film 37 to be 
i 0 connected with the drain electrode 9. 

At least one or more electric Seld induction windows 51 are independently 
formed in the pixel electrode 13 Co compear electric Seld formed by the common auxiliary 
electrode 15. Also, the pixel electrode 13 partially overlaps the common auxiliary electrode 
15 and acts to remove disclination caused by uneven electric Seld applied from the common 
15 auxiliary electrode 15 and the pixel electrode 13 (Figs. 4,5, 6, 9 and 10). 

The multi-domain liquid crystal display device further includes a Hght- 
shielding layer 25, a color filter layer 23 formed on the Iight-shieldmg layer 25, a common 
electrode 17 formed on the color S iter .layer 23, ana a liquid crystal layer formed between the 
feat substrate and the second substrate. The light-shielding layer 25 u formed on the second 
20 substrate 33 to shield light leaked from the gate lines 1, the "data' lines 3 and the thin film 
transistor. 

One cr more dielectric structures 53 are independently formed on the common 
electrode 17. The dielectric structures 53 variously distort the electric field applied to the 
liquid crystal layer to achieve display stability of the :icuid crystal display device and muiti- 



domain effse. If the dielectric structures 53 art formed high to maintain a cell gap. the 
dielectric structures 53 act as spacers of the liquid crystal dispjay device. 

The dielectric structures 53 is a single point that sabiUzzs a screen in the pixe 
regions and displays uniform picture. That is to say, more stable screen display can be 
5 obtained by using the dielectric structures 53. 

As shown in Figs. 5, 6, 8, 10 and 12, to fabricate the aforementioned multi- 
domain liquid crystal display device, the tbia ^ transistor cornrrising the gate electrode 11, 
the gate insukting film 35, the semiconductor layers, the ohmic contact layer and the 
source/drain electrodes 7 and 9 is formed in each pixel region of the first substrate 31. A: this 
10 time, the plurality of gate lines 1 and datalines 3 are formed to divide the first substrate 31 
into a plurality of pixel regions. 

The gate elecrxode 1 1 and the gate lines 1 are fonned in such a manner that 
metals such as A!. Mo. Cr. Ta, or Al alloy, or a double layer formed of two of these meals, 
are.layered by sputtering and patterned. At the same time, the common auxiliary electrode 15 
1 5 is Wd to surround the pixel region. The gate insulating film 3 5 is formed in such a manner 
thatSiNxor SiO x is depodted on the e«r^ aujdliary electrode by plasma enhancement 
chemical vapor deposition (PECVD). Subsequently, the semiconductor layer 5 and the ohmic 
comact layer are formed in such a manner that a-Si and a* a-Si are deposited by PECVD and 
patterned. Alternatively, the gate insulating Sim 35 is formed in such a manner that SiK x or 
20 SiOx, a-Si and n * a-Si are successively deposited. The semiconductor layer and the ohmic 
contact layer arc formed in such a manner that a-Si and n* a-Si are patted. To improve 
aperture ratio, the gate insulating film 35 may be formed of 3CB (BenzoCycloButeneX 
acrylic resir, orpoiyimide compound. 

Metals such as At Mo, Cr. Ta or Al alloy, or double layers of tw c cf these 
petals. « Iayered fay md jo ^ ^ ^ ^ 3 ^ ^ 
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electrodes 7 and 9 are formed. A: this time, a storage elermsde is formed to overlap the sate 
lines 1 and/or the common auxiliary electrode 15. The storage electrode acts as a storage 
capacitor together with the gate lines i and/or the common auxiliary electrode 1 5. 

Subsequently , the passivation Sim 37 is formed of a material such as 3CB, 
acrylic resin, pclyimide compound, SSS X or SiO x on the first substrate 3 1 . a metal such as 
indium tin oxide (TTO) is deposited by spurtcring and patterned to form the pixel electrode 1 3 . 

At this time, the pixel electrode 1 3 is connected with the drain electrode 9 and 
the storage electrode through a contact hole and patterned in various forms to form electric 
field inductioa windows therein. 

When the common auxiliary electrode 1 5 is formed of the same material as the 
gate lines 1, it is formed on the same layer as the gate lines 1 and electrically connected with ' 
the common electrode 1 7 using one mask. An additional mask may be used to form other 
metal or different double layers. Alternatively, the common auxiliary electrode 15 may be 
formed on a layer equal to the pixel electrode 13, 

In the embodiments according to the liquid crystal display device of the 
present invention, L~shaped thin film transistors having high aperture ratio are shown. The L- ' 
shaped TFT has an improved aperture ratio as compared with the related art due to its 
L-shape, and can reduce parasitic capacitance generated between the gate line and the drain 
electrode 9. 

Also the thin film transistor may be formed , in a U shape. Namely, the U 
shaped thin film transistor 7A having the source slectrode which surrounds the drain 
electrode may be formed in a portion where the gate lines cross the data lines, as shown in 
Figs. 14. 

Meanwhile, Fig. 15A is a sectional view taken along line rV,JV' of Fig. 14, 
and Fig. I5B is a sectional view taken along line V-V\ A metal such as A!, Mo, Cr. Ta, cr Ad 
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alloy is formed on iha first substrate 3 1 by spwiering method. The metal is then patterned :o 
fonn the gate lines 1, the gate electrodes 1 1, and the uzs: gate electrode 43 of the storage 
capacitor. A gate insulating Sim 35 of silicas nitride or silicon oxide is formed on the entire 
surface of the substrate including the gate electrode 1 1 by plasma CVD. 
5 At this time, to improve aperture ratio, the gate insulating nlm may be formed 

of BCB, acrylic resin or polyimide compound- 
Afterwards, an amorphous silicon layer and n+amorphous silicon layer are 
stacked on me gate insulating film 35 and men patterned to form a semiconductor layer 5 and 
an ohmic contact layer 6. Alternatively, the gate insulating film of silicon nitride or silicon 
1 0 oxide, the amorphous silicon layer, and n+amorphous silicon layer may sequentially be 
deposited, and the amorphous silicon layer and the n+amorphous silicon layer may be ■ 
patterned to form the semiconductor layer 5 and the ohmic contact layer 6. 

A metal such as Al, Mo, Cr, Ta, or Al alloy is formed by sputtering method 
and then patterned to form the data lines in a direction crossing the gate lines, the drain 
1 5 electrode 9 of the thin film transistor, the source electrode 7 surrounding the drain electrode 9, 
and the second electrode 43A of the storage capacitor. 

Subsequently, the passivation film 37 of BCB, acrylic resin, polyimide 
compound, silicon nitride, or silicon oxide is formed on the entire surface including the 
source/drain electrodes 7 and 9 and the second electrode 43A of the storage capacitor. A 
20 transparent conductive material sucn ITO is formed and then patterned to form the pixel 

.electrode 13 having the electric field induction window 51 of a plurality of hole or silt shapes 
within each domain. 

As described above, problems related to flicker 2nd image Quality can be 
solved by forming the thin film transistor in a U shape. 
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The UghT-shielding layer 25 is formed on the second substrate ar.c the 
coior filter iayer 23 is formed 10 repeat R (red), G (green) and 3 (blue) elements for each 
pixei. The coupon electrode 1 7 is formed of a transparent electrode such as ITO cn the color 
filter layer 23, in the same manner as the pixel electro.de 13. A photoresist materia! is 
5 deposited on the common electrode 1 7 and patterned by photolithography to form dielectric 
structures 53. Additionally, the common electrode 17 may be patterned in various forms to 
form electric field induction windows 51 such as hole or slit. 

Subsequently, liquid crystal is injected between the first substrate 3 1 and the 
second substrate 33 so that a multi-domain liquid crystal display device is completed. The 
1 0 liquid crystal has a positive dielectric anisotropy or a negative dielectric anisotropy. The 
liquid crystal may have a cbiral dopant. 

The liquid crystal is injected by dispenser method. Namely, a seal partem for 
bonding two substrates is formed on the nist substrate 31, and the liquid crystal is injected 
into the seal partem by the dispenser method. 
15 a SP* 6 * is distributed on the second substrate 33 to uniformly maintain 

the cell gap of the liquid crystal, the fat substrate 3 1 in which me seal pattern is formed and 
tnc second substrate 3 3 are bonded to each other. The seal pattern is then hardened by giving 
UV only or UV and heat. 

Meanwhile, to form the liquid crystal layer, in addition to a method for 
20 dropping the liquid crystal in a decompression state, after making the inside of the cell in 
vacuum state, using the resultant pressure difference (capillary tube phenomenon) the liquid 
crystal may be entered mto the cell. .Alternatively, a generally Jcnown method for injecting a 
liquid crystal may be applied. For reference, when the dispenser method is applied to a large 
sized substrate, it is possible to reduce liquid crysral formation time. V/he. li quid ^ 
5 ha^. a negative dielectric anisotropy is used, i; is possible to improve injection time of the 



liquid crystal because viscosity of the liquid crystal is hish. Also, a columned spacer may be 
used as the spacer, and a UV hardening type seal material, or a seal materia: that can be 
hardened at a room temperature may be used as a material of the seal pattern. 

. The dielectric structures 53 are independently formed and distort electric field 
5 applied to the liquid crystal layer. Preferably, the dielectric structures S3 have dielectric 
constants equal to or smaller than the liquid crystal layer, and more preferably 3 or below. A 
material such as photoacrylate or BCB may be used for the dielectric structures. 

To apply a voltage V OT to the coinmon auxiliary electrode 15, an Ag-Dotting 
portion is formed in each comer of a driving region of me liquid crystal display device on the 
10 first substrate 31. The electric field is applied to the second substrate 33 to drive the liquid 
crystal by the potential difference between upper and lower substrates. The Ag-Dotting 
portion of each comer is connected with the common auxiliary electrode 1 5. Tins, me voltage 

is applied to the common auxiliary electrode 15. This process is-performed when 
forming tie common auxiliary electrode 15. 

15 A phase difference film 29 is formed on at least oneofthefirst substrate 31 

and the second substrate 33. 

The phase difference film 29 is a negative uniaxial film having one axis and 
acts to compensate a viewing angle of a user. 

Therefore, a region having no gray inversion is expanded, contrast ratio in 
0 inclina direction increases, and a multi-domain is fonned by one pixel. Thus, a viewing angle 
. in left and right direcaon can effectively be compensated. 

k^tioa to me negatrve uniaxial 
«e, may be formed as the phase difference film. The negative biaxial film can obtain 
viewing angle characteristic wider than the negative uniaxial film. 
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After attaching the phase difference Sun, * polarizer (no: shown) is -attached 
on both substrates. Tne polarizer may be formed in an integral form with the phase difference 
film. 

Li the multi-domain liquid crystal display device shown in Figs. 4A and 43, at 
least one or more electric field induction windows 51 are formed in the pixel electrode 13, 
The common auxiliary electrode 15 is formed around the pixel regions, and dielectric 
structures 53 are formed in the pixel regions. In this structure, the pixel electrode 13 does not 
overlap the common auxiliary electrode 15 while the Hght-shislding layer 25 overlaps the 
pixel electrode to prevent light from being leaked out. 

In Figs, 6A and 6B, the dielectric structures 53 have low projection shapes. In 
Figs. 60 and SD, the dielectric structures 53 extend to the second substrate to maintain a cell 
gap of the liquid crystal display device. In Figs. 6A and 6C, the passivation Sim 37 is formed 
of a material such as SiNx or SiOx- In Figs. 6B and SD, the passivation film 37 is formed of 
BCB, acrylic resin orpoiyimide compound. In Figs. 6E and 6T, the dielectric structures 53 
have low projection shapes on the pixel electrode 13. 

In the multi-domain Hquid crystal display device shown in Figs. 7A and 7B, at 
least one or more electric field mduction windows 51 are formed in the pixel electrode 13, the 
common auxiliary electrode 1 5 is formed around the pixel regions, and dielectric structures 
53 are formed in the pixel regions. In this structure, the pixel electrode 13 overlaps the 
common auxiliary electrode 15 to form a storage capacitor. The light-shielding layer 25 also 
overlaps the common auxiliary electrode 15 to improve aperture ratio. 

In Figs. 3 A and SB, the dielectric structures have low projection shapes. In 
Figs. 8C and SD, the dielectric structures extend to the second substrate to maintain a cell gap 
of the liquid crystal display device. In Figs. Sa and BC, the passivation Sim 37 i s formed of a 
material such as SiN x or SiO x . In Fig, SB «d 8 D, the passivation film 27 is formed ox 



3 CS, acrylic resin or polyiraide compound. In Figs. SH and 8f . the dielectric structures 53 
have low projection shapes on the pixel electrode 13. 

in the multi-domain liquid crystal display device shown in Figs. o A and 93, a 
least one or more electric field induction windows 51 are formed in the pixeLeiectrode 13. 
5 The common auxiliary electrode 15 is formed around the pixel regions and in a region where 
the electric field induction windows are formed, and the dielectric structures 53 are formed i 
the pixel regions. In this structure, the pixel electrode 13 does not overlap the common 
atixuiary electrode 1 5 while the hght-shielding layer 25 overlaps the pixel electrode 13 to . 
prevent light from being leaked out. 

10 10Aand loathe dielectric structures have low projection shapes. In 

Figs. IOC and 10D, the dielectric structures 53 extend to the second substrate to maintain a 
cell gap of the liquid crystal display device. In Figs. 10a and 1 Oc, the passivation film 37 is 
• formed of a material such as S£N X ox SiO*. InFigs. 10b and lOd, the passivation film 37 is 
formed of BCB, acrylic resin orpolyimide compound. InFigs. lOe and 2 OF, the dielectric 
15 structures 53 have low projection shapes on the pixel electrode 13. 

In the muln^omairi liquid crystal display device shown in Figs. 1 1 A and 1 lb, 
at least one or more electric field induction windows 51 are formed in the pixel electrode 13, 
the common auxiliary electrode 15 is formed around the pixel regions and in a region where 
the electric field induction windows are formed, and the dielectric structures 53 are formed in 
20 the pixel regions. In this structure, the pixel electrode 13 overlaps the common auxiliary 
- electrode 15 to form a storage capacitor. The light-shielding layer 25 also overlaps ±t 
common auxiliary electrode 1 5 to improve aperture ratio. 

In Figs. 12A and 12B, the dielectric structure 53s have low Section shaoes 
In Figs. 1 2C and 12D, the dearie structures extend to the second substrate to maintain a 
5 cell gap of the liquid crystal display device. In Figs. 1 2.A and 12C, the p^sivation film 3 7 is 



formed o: a material such as SiN* or SiO x . m Jigs. 123 and 12D, the passivation film 37 is 
formed of 3C3, acrylic resin or potyimids compound. In Figs. 123 end I2F, the dielectric 
structures 53 have low projection shapes on the pixel electrode 13. 

rigs. ! 3A to 1 3B show textures when driving a multi-domain liquid crystal 
5 display device according to the present invention and a related an liquid crystal display device. 

Referring to Fig. 1 3 A, the dielectric structure in the pixel region controls the 
electric field. Therefore, it is noted that uniform texrore is formed for each domain. However, 
in Fig. I3B, it is noted that uneven texture is formed for each domain, thereby causing poor 
picture display. 

1 0 Additionally, in the mulu-domam liquid crystal display device of the present 

invention, an alignment film (not shown) is formed on the first substrate and/or the second 
substrate. The align mem film is formed of a photo reactive material such as 
PVCN (Polyvmyicinnamate), PSCN (Polysnoxanecumamate), or 

CelCN (Cdlulosecmnamate). The other materials suitable for photo-alignment may be used 
15 as the alignment film. 

Light is indicated to the photo-alignment film at least one time to determine a 
pretilt angle and alignment direction or pretilt direction of the director of the liquid crystal 
molecule simultaneously, thereby obtaining stable alignment of the liquid crystal. The 
ultraviolet light is suitable for the photo-alignment. Non-polarized light, unpol anted light 
20 linear-polarized Light or partially polarised light may be used for the photo-alignmem. 

Photo-aUgnment or rubbing is applicable to one of the first substrate and the 
second substrate or both substrates. Different alignment methods ar- applicable to both 
substrates. Optimally, alignment process may be skipped, evsn after forming the alignment 
rUm. 
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Furthermore, the aforementioned alignment is performed :o form the multi- 
domain liquid crystal display device divided into at least two regions. Thus, the liouid crystal 
molecule of the liquid crystal layer may be aligned differently on each region. In other words, 
each pixel. j s divided into four region in + shape orX shape, or each pixel is divided in 
S horizontal, vertical, or diagonal direction. Alignment process or alignment direction is varied 
depending on each region and each substrate, so that multi-domain effect can be realized. At 
least one region of the divided regions may be an -unaligned" region or all the divided regions 
may be unaligned. 

As aforementioned, the mnlti-domain liquid crystal display device has the 
1 0 following advantages. 

The common auxiliary electrode is formed on the same layer as the gate lines 
around and/or in the pixel region. The electric field induction windows and the dielectric 
structures, as well as the common auxiliary electrode, are formed within the pixel electrode so 
that the electric field distortion can be induced. Thus, alignment direction is easily controlled 
15 within the domain, and stable texmre in picture display is obtained. Thus, the viewing angle 
and the rriulri-domain effect are improved. In addition, because the common auxiliary 
electrode is formed on the same layer as the gate lines, eWcal shorting between the pixel 
electrode and the common auxiliary electode is avoided and yield can be improved. 

It will be apparent to those skilled in the art that various modifications and 
20 variation can be made in the present invention without departing from the spirit or scope of 
«he invention. Thus, it is intended that the present invention cover the modifications and 
variations of this invention provided they come within the scope of the appended claims and 
their equivalents. 
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CLAIMS: 

1 . A liquid crystal display device comprising: 
a first substrate: 
a second substrate; 

a liquid crystal layer between the first and second substrates; 
a gate line and a data line on the first substrate defining a pixel 

region; 

a common electrode on the second substrate; 

a common auxiliary electrode on the first substrate surrounding the 
pixel region; 

a pixel electrode having at least one electric field induction window 
on the first substrate; and 

at least one dielectric structure on the common electrode. 

2. The device of claim 1, wherein the common auxiliary electrode and 
the gate line are on a same layer. 

3. The device of claim 1 or 2, wherein the dielectric structure extends 
from the second substrate to the first substrate. 

4. The device of claim 1, 2 or 3, wherein the dielectric structure acts as 
a spacer between the first and second substrates. 



• # 
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5. The device of claim 1, 2, 3 or 4, wherein the pixel region is divided 
into at least two sections to form a multi-domain pixel. 

6. The device of claim 5 } wherein the at least two sections of the pixel 
region have different driving characteristics. 

7. The device of any one of claims 1 to 6, further comprising a second 
common auxiliary electrode adjacent to the electric field induction window. 

8. The device of any one of claims 1 to 7, where the electric field 
induction window includes a slit. 

9. The device of any one of claims 1 to 8, wherein the common 
auxiliary electrode at least partially overlaps the pixel electrode. 

10. The device of any of claims 1 to 9, further comprising an alignment 
film on at least one of the first and second substrates. 

11. The device of any of claims I to 10, further comprising a phase 
difference film on at least one of the first and second substrates. 
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12. A liquid crystal display device comprising: 
a first substrate; 
a second substrate; 

a liquid crystal layer between the first and second substrates: 
a gate line and a data line on the first substrate defining a pixel 
region; 

a common electrode on the second substrate; 

a common auxiliary electrode on the first substrate surrounding the 

pixel region; 

a pixel electrode having at least one electric field induction window 
on the first substrate; and 

at least one dielectric structure on the pixel electrode. 

13. The device of claim 12, wherein the common auxiliary electrode 
and the gate line are on a same layer. 

14. The device of claim 12 or 13, wherein the dielectric structure 
extends from the first substrate to the second substrate. 

15... The device of claim 12, 1 3 or 14, wherein the dielectric structure 
acts as a spacer between the first and second substrates. 
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16- The device of claim 12, 13, 14 or 15. wherein the pixel region is 
divided into at least two sections to form a multi-domain pixel. 

1 7. The device of claim 1 6, wherein the at least two sections of the 
pixel region have different driving characteristics. 

18. The device of any one of claims 12 to 17, further comprising a 

second common auxiliary electrode adjacent to the electric field induction 
window. 

1 9. The device of any one of claims 12 to 1 8, wherein the electric field 
induction window includes a slit. 

20.. The device of any one of claims 12 to 17, wherein the common 
auxiliary electrode at least partially overlaps the pixel electrode. 

21. The device of any one of claims 12 to 20, further comprising an 
alignment film on at least one of the first and second substrates. 



22. The device of any one of claims 1 2 to 2 1 , further comprising a 
Phase difference film on at least one of the first and second substrates! 
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23. The device of any of claims 1 to 11, wherein the dielectric structure 
contacts the pixel electrode. 

24. The device of any one of claims 1 to 11, wherein a position of the 
common auxiliary electrode partially overlaps the electric field induction 
window. 

25. The device of any one of claims 12 to 22, wherein a position of the 
common auxiliary electrode partially overlaps the electric field window. 

26. A liquid crystal display device substantially as hereinbefore 
described with reference to and/or substantially as illustrated in any one of 
or any combination of Figs 4A to 15B of the accompanying drawings. 
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